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Examining the Impact of Supercoiling on Sequence-Dependent DNA
Structure and Flexibility
Heidi S. Pedini, Hashim M. Al-Hashimi.
University of Michigan, Ann Arbor, MI, USA.
Supercoiling has been shown to promote DNA structural transitions from ca-
nonical B-form DNA to alternative DNA structures; one of the most dramatic
being to the left-handed Z-form DNA. Supercoiling pays essential roles in cel-
lular biology; it is required to package genomic DNA into confined regions
within cells, and negative supercoiling is thought to promote DNA strand sep-
aration during DNA replication and transcription initiation. Moreover, promo-
tion of the B-DNA to Z-DNA transition by negative supercoiling occurs under
physiological conditions, suggesting the B-to-Z transition is one way to allevi-
ate negative superhelical stress. Namely, sequences that favor Z-DNA often ex-
ist upstream of transcriptional start sites and their specific location has been
shown to regular transcription levels in vivo. Our objective is to examine the
impact of supercoiling on Z-DNA formation and base pair opening in DNA
at nucleotide and atomic resolution. A major challenge in studying supercoiled
DNA at the atomic scale is that supercoiled closed-circular DNA plasmids
contain thousands of nucleotides and therefore push the limitations for charac-
terizations by biophysical techniques such as NMR and X-Ray crystallography.
Recently, DNA minicircles of less than 100 base pairs have been synthesized
to contain superhelical stress as a model system in biochemical studies to inves-
tigate the influence of superhelical forces on many aspects of DNA such as
energetic stability and protein binding. We propose to overcome experimental
limitations in atomic studies of supercoiled DNA through the development of
a novel biochemical assay, as well as the application of recent advances in
NMR spectroscopy. Using these new tools, we will test the hypothesis that
supercoiling allows access to non-B-form structures, including Z-DNA and
looped out bases, in a sequence-dependent manner.X-Ray Diffraction
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Auger Spectrum of a Water Molecule after Single and Double Core-
Ionization by Intense X-Ray Radiation
Ludger Inhester, Gerrit Groenhof, Helmut Grubmu¨ller.
MPI f. biophysik. Chemie, Goettingen, Germany.
The high intensity of new x-ray sources such as Free Electron Lasers (FEL) of-
fers the possibility to do single-shot molecule diffraction experiments. Even for
small molecules, the dynamics induced by the radiation damage in such exper-
iments are not yet fully understood. In particular, double core-ionized mole-
cules are expected to be created in considerable quantity.
We have therefore studied the electronic and nuclear dynamics of water mole-
cules in single and double core ionized states by means of electronic transition
rates and ab initio molecular dynamics (MD) simulations. From MD trajecto-
ries Auger transition rates were computed based on continuum electronic wave-
functions obtained by explicit integration of the coupled radial Schro¨dinger
equations. The calculated spectra for different molecular geometries were ac-
cumulated to account for the effects of nuclear dynamics during the core-
hole lifetime.
In contrast to the single core ionized water molecule, we found that dissociation
dynamics of double core-ionized water have strong effect on the resulting elec-
tron emission spectra. In addition, we found that the single core hole lifetime is
slightly smaller than the value obtained in earlier theoretical works. Finally, we
predict that the lifetime of double core ionized states is significantly lower than
half of the lifetime of a single core hole.
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Bayesian Orientation Estimate and Structure Reconstruction from Sparse
Single Molecule X-Ray Scattering Images
Michal Walczak, Helmut Grubmueller.
MPI for Biophysical Chemistry, Goettingen, Germany.
The use of X-ray free electron lasers in single molecule experiments holds the
promise of solving macromolecular structures by ‘sequential crystallography’.
To that aim, reliable structure reconstruction from sparse and noisy scattering
images with rigorous bounds for the statistical uncertainty is one of the main
challenges. We here developed a method to refine a ‘seed’ structure model
given a set of scattering patterns, each with only few recorded photons and
background noise.
Firstly, using a Bayesian approach, the molecular orientation for each of scat-
tering images is determined by calculating the posterior probability distribu-
tion, such that the images are further averaged in 3D reciprocal space. This
step requires a ’seed’ model to calculate the probability distribution. To testthe validity of the method, the real space electron density is retrieved using a re-
laxed averaged alternating reflections algorithm.
Secondly, the ‘seed’ model is refined in a Monte Carlo simulation. The proba-
bility that the model fits to the given set of diffraction images is determined at
each iteration so as to find a model with highest probability.
Using scattering data for a glutathione molecule obtained in a numerical sim-
ulation as a test case, successful reconstruction was demonstrated for 20,000
diffraction patterns corresponding to random orientations and containing an av-
erage of 82 photons per image, yielding an effective R-factor of about 0.3. At
the level of 100 scattered photons per image, the molecular orientation is deter-
mined to 5o accuracy for white background noise of up to 50%, corresponding
to a resolution for the glutathione molecule of ca. 0.5A˚.
These results show that the proposed method is robust and enables structure de-
termination from sparse and noisy single molecule x-ray scattering images.
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Laser Pump Diffracted-X-Ray-Tracking (Laser-Pump DXT) for Single
Molecule Measurement of Rotational Motion in Reaction with Photodisso-
ciated ATP
Kouhei Ichiyanagi1, Hiroshi Sekiguchi1, Tokushi Sato2, Shunsuke Nozawa2,
Shin-ichi Adachi2, Yuji C. Sasaki1.
1The University of Tokyo, Kashiwa, Japan, 2High Energy Accelerator
Organization, Tsukuba, Japan.
Laser-pump diffracted-X-ray-tracking measurement system has been devel-
oped using nanosecond pulse laser at the beamline NW14A, Photon Factory
Advanced Ring, KEK, Japan. Generally, diffracted X-ray tracking (DXT)
has elucidated rotational motions of single protein molecule in real time [1].
In this work, single protein molecule labeled with gold nanocrystals in reaction
with ATP molecule was irradiated by wide-energy band X-ray and nanosecond
UV laser pulse. The motion of diffraction spots from gold nanocrystals were
tracked in real time. The laser pulse produced the ATP molecules from photo-
dissociation of caged-ATP in solution. The real-time rotational motion of single
protein molecule reacting with ATP molecule can be observed using laser
pump DXT.
Pulse laser system (Powelite8000, Continuum Inc., USA) was synchronized
with the diffracted X-ray tracking system. We took 90-120 diffraction images,
and time resolution of DXT was from 5 ms/frame to 36 ms/frame. The wave-
length, pulse width and laser intensity of single nanosecond laser pulse was
355 nm of third harmonic generation of the Nd:YAG laser, 10 ns and 20 mJ/
cm2, respectively. This beamline gave the wideband-energy X-ray in the energy
range 13-18 keV using an undulator at a repetition rate of 794 kHz. Delay time
of laser pulse in DXT measurement was controlled by delay generator. Laser
pulse can be irradiated sample in the arbitrary frames. We compared the motion
of diffraction spots from gold nanocrystals attached protein molecule before la-
ser irradiation with that after laser irradiation. The dynamical structural change
of protein molecule in capturing ATP molecule will be revealed using laser-
pump DXT. The rotational motion of Chaperonin in the presence of ATP is
demonstrated as a typical example.
[1] H. Shimizu, et al., Cell, 132, 67 (2008).
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Atto-Newton X-Ray Radiation Pressure Force on Gold Nanocrystal in
Aqueous Solution
Kentaro Hoshisashi1,2, Hiroshi Sekiguchi1,2, Kouhei Ichiyanagi1,2,
Yasuhito Suzuki1,2, Naoto Yagi2,3, Tatsuhito Matsuo3, Noboru Oota3,
Yuji C. Sasaki1,2.
1The University of Tokyo, Kashiwa, Japan, 2CREST Sasaki-team/JST,
Kashiwa, Japan, 3SPring-8/JASRI, Sayou, Japan.
In micro-sized force field, radiation pressure forces acting on an object surface
have been widely applied as a tool for laser trapping and cooling of the visible
light. In the region of short-wavelength, we confirmed the existence of atto-
Newton (aN) level’s radiation pressure force measured by using Diffracted
X-ray Tracking (DXT) which is tracing the X-ray diffraction spots from
the gold nanocrystal was labeled on the protein molecule at single molecular
level [1].
In this study, we succeeded in measuring the modified dynamic rotational
Brownian behaviors of the gold nanocrystal in an aqueous solution at micro-
sec. levels by varying the wavelength and flux of the incident X-ray probe.
As a result, we observed a clear energy-dependent radiation pressure in the
X-ray axial direction (2 theta) by comparing with a concentric circle direction
(chi: no-pressure direction). And the observed pressures were able to be esti-
mated from the X-ray wavelengths and flux. Furthermore, we found the pres-
ence of the resultant forces of X-ray radiation pressure on several diffracted
crystal planes from analyzing the angular distributions of accelerated motions.
This phenomenon expects to open a new application of X-ray science.
Monday, February 27, 2012 393aFor example, we can utilize this X-ray resultant force for the trapping of nano-
probe and the crystal growth azimuth control during crystal growths. In addi-
tion, we proved that the ultra-fast DXT using protein molecules labeled the
gold nanocrystal [2] can detect aN level’s force field in functional protein mol-
ecules. In the future, we can detect dynamic structural changes of functional
surface induced by an ultra-small force field that cannot be detected by STM
and AFM.
[1] Y. C. Sasaki et al., Appl. Phys. Lett., 89, 053121(2006).
[2] H. Shimizu et al., Cell, 132, 67–78 (2008).Cryo Electron Microscopy & Reconstruction
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Three-Dimensional Ultrastructure of Micrometer Thick Cellular Subvo-
lumes by STEM Tomography
Alioscka A. Sousa1, Christine A. Winters2, Daniel Cox1, Xiaobing Chen2,
Thomas S. Reese2, Richard D. Leapman1.
1NIBIB, National Institutes of Health, Bethesda, MD, USA, 2NINDS,
National Institutes of Health, Bethesda, MD, USA.
Electron tomography (ET) is a powerful technique for determining 3D ultra-
structure at the supramolecular scale in sections of rapidly frozen, freeze-
substituted, stained, embedded and sectioned cells and tissues. The application
of conventional ET is limited to sections of thickness less than about 400 nm
due to image blurring of multiply scattered electrons that are affected by the
chromatic aberration of the objective lens. Many important structures such as
pre- and post-synaptic nerve terminals in brain have larger dimensions so can-
not be imaged in their entirety by conventional ET methods. We have therefore
developed and applied tomography based on the scanning transmission electron
microscope (STEM) operating at a beam energy of 300 keV. In STEM, the ab-
sence of imaging lenses after the specimen enables ET to be performed on plas-
tic sections up to 1.5 micrometers in thickness without the deleterious effect of
chromatic aberration on electrons that have undergone multiple inelastic scat-
tering. Furthermore, it was found that the spatial resolution of 3D reconstruc-
tions obtained with an axial bright-field STEM detector was greatly
improved relative to that obtained with a standard annular dark-field STEM de-
tector, for regions in the lower half of micrometer thick sections. This advan-
tage is attributable to the exclusion of electrons that have undergone multiple
elastic scattering from the collection angles subtended by the axial bright-
field detector. We have applied STEM tomography to image entire postsynaptic
densities (PSDs) in dissociated cultures of rat hippocampus, in which specific
proteins had been knocked down by RNAi. The technique allows multiple
PSDs to be reconstructed from contiguous regions of neurons. The 3D ultra-
structure reveals the role of key scaffolding proteins in the organization
of PSDs.
This work was supported by the Intramural Research Programs of NIBIB and
NINDS, NIH.
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Cryo-Electron Microscopy (Cryo-EM) Structure of a Cap-Independent
Translational Enhancer of the Turnip Crinkle Virus (TCV) Bound to
the Eukaryotic Ribosome
Gyanesh Sharma1, Vera Stupina2, Jesper Pallesen1, Bruce Shapiro3,
Anne Simon2, Jonathan Dinman2, Joachim Frank1.
1Columbia University, New York, NY, USA, 2University of Maryland,
College Park, MD, USA, 3National Cancer Institute, Frederick, MD, USA.
Many plant viruses, unlike animal viruses, use 30 translational enhancers that
function by unknown mechanism to achieve translation initiation. A transla-
tional enhancer in the 30-UTR of turnip crinkle virus (TCV) has been shown
to synergistically enhance translation when associated with the TCV 50-UTR.
The major enhancement has been shown, biochemically, due to a T-shaped
structure (TSS) which binds to the 80S ribosomes with the aid of a pseudoknot
that mimics the tRNA acceptor stem. The research presented here focuses on
the structural interaction of the TSS structure with the 80S eukaryotic ribosome
from Saccharomyces cerevisiae using the single-particle cryo-EM reconstruc-
tion technique. Our preliminary work shows that the density corresponding
to the TSS structure is directly visible in the cryo-EM map, and most of the
ribosomes containing the TSS structure are in the ratcheted-like intersubunit-
rotated state. These results match the biochemical results. We are currently in-
vestigating the detailed binding interactions between the TSS and the ribosome.
Interpretation of this cryo-EMmap is a first step toward an understanding of themolecular mechanism of translation enhancement and regulation by the TSS
structure.
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Factor VIII Membrane-Bound Organization
Matthew C. Leitch, Jaimy Miller, Kirill Grushin, Svetla Stoilova-McPhie.
UTMB, Galveston, TX, USA.
Factor VIII (FVIII) is a large plasma glycoprotein, which defects or deficiency
cause Hemophilia A. Its active form, FVIIIa act as a co-factor to the serine
protease Factor IXa within the membrane-bound tenase complex, enhancing
FIXa catalytic efficiency > 100,000 fold. Understanding the assembly
and structure of the tenase complex is critical for the treatment of blood
disorders such as he-
mophilia and throm-
bosis. To this goal
we design suitable
lipid nano-platforms
allowing extensive
structure-functional
studies required for
successful nano-
drug design. Here
we present the mem-
brane-bound models of two recombinant FVIII (Forms): human - full length
(hFVIII-FL) and porcine - B domain deleted (pFVIII-BDD), based on our
Cryo-electron microscopy and molecular modeling analysis.
Models of membrane-bound FVIII based on electron microscopy (left) and
X-ray (right) structures. The dashed line rectangles delineate the heavy chain
(HC) - light chain (LC) and LC - membrane interfaces, respectively.
*This work is supported by an American Heart Association: Grant,
10SDG3500034.
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Structural Investigation of Molecular Components of T. Brucei Flagellum
by Cryo Electron Tomography
Alexey Y. Koyfman1, Michael F. Schmid1, Ladan Gheiratmand2,
Caroline J. Fu1, Dandan Huang2, Htet A. Khant1, Cynthia Y. He2, Wah Chiu1.
1Baylor College of Medicine, Houston, TX, USA, 2National University of
Singapore, Singapore, Singapore.
Trypanosoma brucei is a parasite that causes trypanosomiasis or African sleep-
ing sickness. The Trypanosoma brucei contains a flagellum that is vital for the
organism’s locomotion, pathogenesis, cell division and viability. In addition to
a 9þ2 microtubular axoneme, the flagellum contains a crystalline paraflagellar
rod (PFR) and connecting proteins bridging these two structures. We have re-
cently reported the structure of T. brucei flagellum by cryoelectron tomography
and proposed that the PFR modifies the in-plane axoneme motion to produce
the characteristic trypanosome bihelical motility. We have improved the
flagellum extraction procedure by reducing salt concentration. The modified
procedure kept flagellum shielded is the lipidmembrane and therefore preserved
molecular components of the flagellum. We also revealed a characteristic
arrangement of the axoneme internal features. An arrangement of three radial
spoke repeat along a microtubule doublet. Also, the arrangement of radial spoke
triplets on the nine microtubule doublets is not found in other organisms.
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Subunit Organization of the 26S Proteasome and Structural Basis for
Processing of Ubiquitin-Tagged Substrates
Gabriel C. Lander1, Eric Estrin2, Mary Matyskiela2, Eva Nogales1,
Andreas Martin2.
1Lawrence Berkeley National Lab, Berkeley, CA, USA, 2UC Berkeley,
Berkeley, CA, USA.
In eukaryotic cells, the proteasome degrades unwanted proteins by recognizing
specific polyubiquitin tags covalently attached to these proteins. The precise
manner in which these ubiquitin chains are recognized and removed from the
targeted proteins prior to proteolysis is poorly understood. This is partly due
to a lack of structural information on the ubiquitin-recognizing components
of the proteasome 19S regulatory particle. Using a recombinant expression sys-
tem and electron microscopy, we were able to localize all subunits of the yeast
19S particle, and elucidate the spatial arrangement of ubiquitin receptors,
deubiquitinating enzymes, and the protein unfolding machinery. Our studies
also revealed large conformational rearrangements in the lid subcomplex
upon holoenzyme formation, suggesting an allosteric mechanism for activation
